Transport and storage of clinical tissue specimens can greatly affect the results of molecular diagnostic tests. To consistently obtain quality high molecular weight genomic DNA for Southern blot analysis, lymphoid tissue must be snap-frozen immediately and stored in ultracold conditions until processing. On a worldwide basis, few health facilities are equipped to prepare and store frozen tissues, yet many could benefit from the clinical information provided by molecular diagnostic testing.
Transport and storage of clinical tissue specimens can greatly affect the results of molecular diagnostic tests. To consistently obtain quality high molecular weight genomic DNA for Southern blot analysis, lymphoid tissue must be snap-frozen immediately and stored in ultracold conditions until processing. On a worldwide basis, few health facilities are equipped to prepare and store frozen tissues, yet many could benefit from the clinical information provided by molecular diagnostic testing.
A simple lysis, storage, and transport buffer (LST) was reported to successfully store and transport unrefrigerated elephant blood for subsequent DNA extraction and analysis.' Although it was originally designed to store and transport field-collected biology samples for DNA studies, 1 we decided to evaluate the ability of LST to store human clinical tissue samples at room temperature before DNA-based molecular diagnostic testing. We retrospectively compared the results of Southern blot analysis for rearrangement at the immunoglobulin heavy chain (IgH) locus in 12 split lymphoid samples that had been directly immersed in LST and stored at room temperature or snap-frozen in liquid nitrogen and stored at -75°C from 2 to 4 weeks. In addition, 4 of the paired samples also were analyzed for IgH VDJ gene rearrangement by the polymerase chain reaction (PCR) and denaturing gradient gel electrophoresis (DGGE). 
DNA Isolation
Tissue samples stored in LST were processed by adding proteinase K (Gibco-BRL, Gaithersburg, MD) directly to the LST containing the tissue and shaking overnight at 37°C. Phenol-chloroform extraction and ethanol precipitation were performed essentially as described, 3 and the DNA was dissolved in 10 mmol/L tris(hydroxymethyl)-aminomethane, and a 1 mmol/L concentration of EDTA (TE). Snap-frozen tissue was thawed in phosphate-buffered saline and transferred to proteinase K buffer (a 10-mmol/L concentration of tris(hydroxymethyl)-aminomethane hydrochloride, pH 7.6, a 10-mmol/L concentration of sodium chloride, a 25-mmol/L concentration of EDTA, and 0.5% sodium dodecyl sulfate) and shaken overnight at 37°C followed by phenol-chloroform extraction and ethanol precipitation.
Southern Blot Analysis
Southern blot analysis was performed as described previously.
3 DNA was digested with EcoRl and Hindlll restriction endonucleases (Promega, Madison, WI), separated by 0.8% agarose gel electrophoresis, transferred to a nylon membrane (S&S, Keene, NH), and hybridized in Quik-hyb (Stratagene, La Jolla, CA) with a radioactively labeled IgH joining region probe 4 using phosphorus 32-deoxycytidine 5'-triphosphate and a Prime-it II Labeling Kit (Stratagene).
Immunoglobulin VDJ PCR
Seminested PCR was performed using published oligonucleotides. 2 The initial round in 50 uL used 1 ug DNA, 10 pmol of each primer, a 100-umol/L concentration of each deoxynucleoside triphosphate, a 5-mmol/L concentration of magnesium chloride, and Taq polymerase (Promega). The reaction was incubated at 94°C for 10 minutes; followed by 30 cycles of 94°C for 40 seconds, 55°C for 40 seconds, and 72°C for 40 seconds; followed by a 10-minute incubation at 72°C. The second round in 100 uL used 10 uL of a 1:500 dilution of first round PCR products. The reaction conditions and cycling times were the same as for the first round, except only 20 cycles were performed.
Ten microliters was analyzed for the presence of amplified PCR products by gel electrophoresis using 4% agarose (NuSeive, FMC, Rockland, ME) and ethidium bromide staining. The remaining 90 uL was dried down and analyzed by DGGE using a DGGE apparatus (Bio-Rad, Hercules, CA) on a 40% to 70% gradient gel. Gels 16-cm long were run for 5.5 hours at 155 V, 60°C.
Results
Twelve split lymphoid tissue samples that had been stored in LST from 13 to 32 days at room temperature and also had been snap-frozen in liquid nitrogen and stored at -75°C for the same length of time were tested for IgH gene rearrangement by Southern blot analysis. I Table II describes the tissues analyzed and their storage times in LST before processing. Six samples were morphologically and immunologically diagnosed as monoclonal B-cell nonHodgkin malignant lymphoma (NHL) and six were polyclonal B-cell reactive lymphoid hyperplasia (RLH). After probing with a radioactively labeled IgH JH probe, all of the frozen NHL revealed novel band(s) indicative of a clonal IgH gene rearrangement. All of the frozen RLH retained a germline IgH configuration, without any novel bands. Thus, the diagnoses were confirmed by the Southern blot data in all cases (Table 1) .
•Image II and I Image 21 iilustrate the quality of LST and frozen DNA, after digestion with EcoRl and Hindlll, in representative Southern blot autoradiographs of NHL and RLH, respectively. The intensities of the germline and novel rearranged bands are equivalent for corresponding split LST and frozen tissue samples. There was no difference in the Southern blot results between the 2 methods of storage, except for 1 sample. For case 1, DNA extracted from the portion stored in LST was too degraded to analyze (Table 1) . Histologic review of case 1, diagnosed as a Burkitt lymphoma, revealed large zones of geographic necrosis that most likely contributed to the degraded DNA before LST immersion, or possibly after incomplete inactivation of deoxyribonuclease.
We next assessed the long-term effects of storing tissue samples in LST at room temperature on the ability to amplify IgH VDJ DNA sequences by PCR followed by analysis using DGGE. The results were identical for LST and frozen tissues: 2 cases of RLH yielded a smear diagnostic of a polyclonal B-cell population and 2 cases of NHL yielded sharp band(s) diagnostic of a monoclonal B-cell population I Image 31. Of interest, the DNA extracted from the portion of case 1 stored in LST, which was too degraded for Southern blot analysis, was successfully ampllfied and analyzed using PCR/DGGE (Table 1 ; Image 3).
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• We next compared the recovery of DNA from tissue stored in LST at room temperature with snap-frozen tissue. A reactive tonsil was divided into 8 portions (range, 140 mg to 790 mg) and immersed in LST and stored at room temperature or snap-frozen and stored at -75°C for 2 weeks. The efficiency of DNA extraction was consistently lower from LST-stored tissues than from frozen tissues (range, 20% to 50%). Of interest, the DNA percentage yield was inversely proportional to tissue wet weight (data not shown). However, the amount of DNA recovered, even from LST-stored tissue fragments as small as 140 mg wet weight, was sufficient to perform several Southern blot analyses.
Southern Blot Results
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Discussion
We demonstrated that LST does not compromise the quality of DNA for Southern blot or PCR analysis. Tissue preparation involves only immersion in low-cost, easily prepared LST. Since LST can provide excellent DNA stability at room temperature for at least 4 weeks, physicians will be able to retrospectively decide many days after tissue procurement if potentially expensive molecular diagnostic testing is needed. This may become an important option since reimbursement for expensive nonstandard testing increasingly requires advanced permission from insurance companies or health maintenance organizations. One could then use LST to transport samples to a reference laboratory at room temperature via regular mail, instead of sending tissue packed in dry ice by express mail, for additional economic savings.
There are few studies of the quality and stability of DNA isolated from tissues in a clinical molecular laboratory setting. Farkas with our own. We obtained excellent quality DNA from 11 (92%) of 12 lymphoid specimens stored at room temperature in LST from 2 to 4 weeks. Although the DNA isolated from 1 sample with areas of geographic necrosis (case 1) was too degraded for Southern blot analysis, it yielded a diagnostic result by PCR analysis. In contrast, all 12 snap-frozen tissues stored at -75°C, including case 1, produced excellent quality DNA for Southern blot analysis. Since the components of LST were intended to rapidly lyse cells, inactivate nucleases, and inhibit bacterial growth, 1 we hypothesize that the length of time needed for LST to penetrate tissue may have permitted a prolonged interval of deoxyribonuclease activity in the core of the necrotic sample from case 1 during storage in LST at room temperature but not in the snap-frozen matched piece. If the rate of LST penetration in tissue is generally uniform, the amount of time needed to reach the center can be expected to be greater in larger samples. This helps explain our observation of a superior percentage of DNA recovery from smaller pieces compared with larger fragments of tonsil stored in LST. As a practical consequence, since the degree of necrosis in a clinical sample cannot be known with certainty beforehand, we recommend that tissues stored in LST at room temperature for subsequent molecular analysis be sliced into several small pieces to encourage complete penetration and inactivation of nucleases in as short a time as possible.
We demonstrated that LST is an effective, inexpensive alternative to snap-freezing human clinical tissue samples Schultz et al / TRANSPORTATION BUFFER FOR MOLECULAR DIAGNOSIS before extraction of genomic DNA. Physicians without access to expensive equipment or trained personnel can now collect tissue samples in LST using a simple screw-cap container at room temperature. It is our hope that the use of LST will help make molecular diagnostic analysis a more practically available laboratory testing option to the majority of physicians based in offices, in outpatient clinics, or in small community hospitals. In addition, LST can help eliminate substantial barriers for tissue storage and transportation that otherwise would preclude molecular diagnostic testing for patients living in geographically remote or economically impoverished regions of the world.
